Abstract-Reversible influence of moisture on epoxy-diane resin DER-330 hardened by diaminodiphenylsulfon was investigated. Moisture transfer was modeled using Fick's second law. The influence of moisture evaporation on characteristic values of transfer temperature was analyzed. The Young dynamic modulus increased within the whole region of glassy state of epoxide polymer containing polyisocyanate additive which was dried after moistening. The transition region related to molecular mobility of kinetic segments interacting with moisture was found and characterized.
INTRODUCTION ED-20, ED-16, and DER-330 epoxy resins based on 2,2-di(4-hydroxyphenyl)propane, , is a polymer matrix of numerous modern constructional composite materials [1] [2] [3] [4] [5] . Network polymers based on these resins are moderately hydrophilic systems: they are able to sorb up to 2-6% of moisture [6] . It is known that moisture plasticizes such epoxy polymers, causing not only the decrease in their glass transition temperature T g and mechanical properties but also activation of structural relaxation and afterhardening [7] . For example, in [6] , an exponential dependence on the amount of sorbed moisture was estimated on the basis of change in the temperature coefficient of low-frequency velocity of shear waves. However, the effect of reversible plasticization related to desorption of water molecules (at heating of the samples in chambers of measuring devices) is not taken into account in such quantitative assessments.
High sensitivity and accuracy of measurements of modern DMA and TMA devices and developed spectrometric principles of analysis [8] [9] [10] [11] [12] [13] provide the possibility of specification of effects of reversible plasticization influence on viscoelastic behavior of epoxy network polymers at the transition from the glassy to high-elasticity state during dynamic mechanical measurements.
In the present research, epoxy-diane resin DER-330 hardened by diaminodiphenylsulfon (DADPS) was selected as a test object. The DER-330+DADPS system is an epoxy polymer characterized by stable and well-reproducible [4] deformation strength properties convenient for the present research. DER-330+DADPS composition with polyisocyanate (PIC) additive-methylene diphenyl diisocyanate C 15 H 10 N 2 O-which improves deformation strength characteristics of network polymer owing to formation of thermostable polyoxasolidones and urethane bonds [14, 15] in the molecular structure, was investigated to compare the reversibility of the plasticization effect of moisture. The ratio between DER-330 and PIC was 1 : 1.
EXPERIMENTAL
Plates of hardened DER-330+DADPS and DER-330+PIC+DADPS compositions (50 × 50 × 2.5 mm)
STRUCTURE AND PROPERTIES
were dried for 12 days at 60°С until constant weight was obtained. Then the samples were placed into a desiccator (relative humidity equaled 98 ± 2%) and kept at 60°С for 23 days; the change in weight was controlled at regular intervals. The samples were repeatedly dried at the same temperature after equilibrium moisture content was obtained.
Moisture transfer in the samples of epoxy compounds was modeled by Fick's second law in a onedimensional approximation with constant boundary conditions [16] [17] [18] [19] : (1) where c is the moisture concentration within unit volume of the sample; c 0 is the initial value of moisture concentration at t → 0; m 0 is the value of moisture concentration on plate boundaries; x is the coordinate, mm (moisture diffuses along this coordinate); l is the characteristic length of diffusion path, mm; t is the time, days; D is the diffusion coefficient, mm 2 /days; and M(t) is the moisture content of model section of length l at the moment of time t.
The solution of Eqs.
(1) has the form
where n k = π(2k + 1); M 0 is the limiting mass loss; C 0 = 0 is the initial mass loss; dt = Dt/l 2 is the moisture analog of the Fourier number, where D is the diffusion coefficient (mm 2 /day); t is the time of moistening or drying (days); τ is the time of change of formula appearance, about 1 day; and l is the length of diffusion path (cm) calculated as (3) where L i , W i , and h i are the dimensions of the ith sample (mm).
Three states (after preliminary drying, sorption and desorption stages) of samples were studied by the DMA and TMA methods. Dynamic shear modulus G' and dynamic loss modulus G'' were measured by the method of free convergent torsional oscillations on a reverse torsional pendulum [8] . The measurements were performed at 25-240°С; the accuracy of temperature maintenance was 0.5°С; heating rate was 0.5 K/min; the oscillation amplitude was no higher than 1°. Special attention was paid to the transition of
polymers from the glassy to high-elasticity state (α transition).
The temperature dependences of components of the complex Young modulus were measured using the cantilevered bending technique at a DMA-242 facility (Netzsch). The frequency was varied from 0.1 to 50 Hz (i.e., by a factor of 500). Testing should be performed at the same frequency to examine the fine effects of influence of chemical composition and possible physicochemical transitions caused by the presence of moisture on the glass transition temperature.
Thermomechanical analysis (TMA) was performed using a TMA PT 600 LT analyzer (Lensise) to investigate the region of polymer transition from the glassy to high-elasticity state. The idea of this method is to determine deformation characteristics of the samples under the conditions of dynamic heating and cyclic mechanical loads at fixed frequencies. A mechanical load acting on sample (8 × 8 mm) was set in the module of this analyzer, operated by computer. The displacements of the indenter were measured in a real-time mode under a fixed amplitude load equal to 0.5 N and frequency equal to 1 Hz set perpendicularly to the plane surface of the sample. The temperature in the measuring cell was automatically increased at the rate of 3 K/min. In the selected measurements scheme, TMA acted as a highly sensitive linear dilatometer registering expansion or shrinkage in the surface layer of polymer in much the same way as in [9] because the displacement of the indenter toward the action of small stress was negligible; microdisplacements related to thermal expansion (thickening) of the samples were measured at the increase in temperature.
RESULTS AND DISCUSSION

Moisture Transfer
A typical example of kinetics of moisture saturation for five parallel samples of the DER-330+PIC+DADPS system is given in Fig. 1 . It was found that the dispersions of the measured increment of mass were negligible in parallel samples. Moisture transfer is described by Fick's second law [20] with coefficient of determination R
